














developed for SWPF that account for the non-Newtonian behavior of the process fluid, assuming
a yield stress of 5 Pa would be consistent with the previous testing, and therefore acceptable .

The design basis for the facility's process does not address the potential for a
combination of waste sludge and monosodium titanate exhibiting thixotropic behavior after
settling .4 The potential for this behavior is described in a study of the rheological characteristics
of mixtures of monosodium titanate and sludge simulant. Failure to consider the potential for
thixotropic behavior in the design of the air pulse agitators could result in the inability to fully
resuspend solids following periods without agitation .
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4 Thixotropic behavior is a time-dependent phenomenon in which shear stress is reduced when a fluid experiences a
strain rate . This behavior results in the fluid exhibiting the characteristic of yield strength, which is the amount of
stress required to impart fluid motion . Once fluid motion commences, the amount of stress required to increase the
strain rate will lower over time to the yield stress value .
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Attachment 2

Scaled Testing of SWPF Air Pulse Agitators

Scaled simulant testing of the air pulse agitators was conducted at 1/3 . 1/5, and 5/8 scales,
using various nozzle configurations, diameters, velocities, nozzle drive times, air pressures, and
vessel levels . Sparging was tested only as part of the 1/3 scale test. The rheological properties
of the simulants used in these tests were not adequately measured :

•

	

Rheological properties (yield stress and consistency) were not measured during the
1/3 scale testing . The simulant was a mixture of monosodium titanate and kaolin clay
that had a total solids concentration of 7 weight percent .'

•

	

The only rheological property measured during the 5/8 scale testing was viscosity
(18 eP at an unspecified shear rate)_ Neither yield stress nor consistency was
determined . The simulant consisted of a 5 weight percent total solids mixture of
monosodium titanate, sludge simulant. and supernate simulant .

•

	

Rheological properties for the 1 /5 scale testing were not measured . An inference of
viscosity (9 cP) was made from the 5/8 scale testing viscosity measurement, with an
unexplained claim that Stokes' law provides a method for deriving the 1 /5 scale
viscosity . - The means by which this relationship was used to derive the 1/5 scale
viscosity value was not explained in the test report.

A calculation of yield Reynolds number could provide a measure of the comparability of
the various tests and the steady-state flow regimes that result from the design of the SWPF air
pulse agitators . [lowever. since siuulant yield stress was not measured during the scaled
simulant testing, it is not possible to evaluate the applicability of the scaled simulant testing to
the SWPF design by comparing yield Reynolds numbers . If the simulant used in the scaled
testing has a yield stress comparable to the value assumed in the design, the steady-state flow
regimes will be comparable since the fluid densities and nozzle velocities are comparable .

Clay suspensions are often used to demonstrate the hchacior of Hingham plastic fluids .
Stokes' law relates fluid viscosity, particle density . fluid density, particle size, and particle settling velocity .
Yield Reynolds numhcr is a nondinlensional value equal to (fluid density) x (no7,Clc velodl(y) : (yield stress) .



Attachment 3

Design Model for SWPF Air Pulse Agitators

Typically . a pulse mixing jet in a non-Newtonian fluid will initially form a cavern of
well-mixed turbulent flow adjacent to the jet exits beneath a region of unmixed fluid . This
phenomenon occurs as a result of the dissipation of the fluid's ability to overcome the shear
strength of the non-Newtonian material as the distance from the jet nozzle increases . During the
scaled testing of the SWPF air pulse agitators, transient cavern formation can he inferred from
measurements that show the time dependence of mixing within the vessels as a function of test
parameters .

An additional consideration for the design of the air pulse agitators is the use of
intermittent jets, which experimentation has shown to have cavern heights significantly lower
than those of continuous jets with the same peak nozzle velocities . Reduction of cavern heights
implies longer mixing times . and in the limit, incomplete mixing . Thus at SWPF, where jet flow
from the nozzles is intermittent and variable, and nozzles are operated sequentially, calculations
of the effectiveness of jet mixing need to take into account the transient nature of the jets .

Finally, the design needs to reflect the limitations of the simulant used in the testing .
Knowledge of the rheological characteristics of the sirnulant used during the testing is limited .
Additionally, it is known that tank waste at the Savannah River Site has considerably larger
particles than those of the sirnulant used during testing . Consequently, greater flow than existed
during testing will be required to put actual waste particles into suspension (this is true even if
the process fluid exhibits Newtonian behavior) .

The design of the air pulse agitators at SWPF is based on ( I ) a calculation of the
"effective clearing radius." defined as the distance at which the shear stress from a steady jet
impinging on a flat surface decays to the fluid yield stress : and (2) a dimensional parametric
analysis to determine the sizing of the air - pulse agitators, which is based on scaling up from the
tank dimensions and nozzle velocities used during testing of the air pulse agitators . This
approach neglects the above considerations and has the following deficiencies :

•

	

The calculation of "effective clearing radius" concludes that the distance at which the
fluid shear stress generated by the air pulse agitators will decay to a value below the
yield stress is significantly greater than the radius of the vessel . The calculation
assumes that the development of this shear stress at that radius is instantaneous .
However, the mixing in the scaled testing did not occur instantaneously at a much
smaller radius, indicating that the calculation does not adequately model the behavior
observed . The results of scaled testing were not used to validate this calculation .

•

	

The calculation of ''effective clearing radius" assumes continuous jet operation
instead of intermittent operation . which would be expected to result in weakened
mixing .



• The dimensional parametric analysis for scaling up the design does not include a
physical model based on the testing . Since the rheological parameters for the testing
are unknown, the range of parameters over which the scaling analysis is valid cannot
be determined . The fact that mixing did not occur for some lower nozzle velocities
and nozzle diameter configurations during, the scaled testing is not explained by the
dimensional parametric analysis .

•

	

The design does not take into account the possibility that simulant testing may not
adequately represent the impact of the presence of larger waste particles on the
effectiveness of mixing .

As a result of the shortcomings described above, the design model for the air pulse
agitators is useful only to the extent that the conditions and parameters for operation of the air
pulse agitators mirror those that existed during testing . Should SWPF personnel elect to develop
a model that extends beyond the conditions that existed during testing, that model will need to he
based on a physical modeling analysis that connects the scaled testing results to the full-scale
design and be validated by scaled testing .



Attachment 4

Hydrogen Release Assumption

SWPF personnel arc assuming that a "slight disturbance" of the solids in the process
vessels would be sufficient to release any hydrogen trapped in the waste based on two
operational events in the tank farms . In the first event, a slurry pump was run for 5 minutes in
Tank 40: this evolution was followed by a release of hydrogen into the tank head space over a
period of 8 hours . In the second event, a release of hydrogen was noted approximately 5 hours
after a transfer of the waste in Tank 42 to another tank had begun . The above assumption is not
supported by the documents cited by SWPF personnel that describe these events :

•

	

For both events, the composition and rheological characteristics of the tank waste
were not described or compared with those expected in SWPF process vessels after
settling .

•

	

For both events, the flow path and energy of the slurry movement within the tanks
were not described . Additionally, the release of hydrogen occurred over an extended
period during or after the events that are believed to have precipitated the release .
Consequently, the mechanism by which the releases occurred cannot be conclusively
determined .

An additional concern with the development of this assumption is it neglects to consider
the effect of processing within the facility on the rheological characteristics of the waste (and
therefore . hydrogen release) .



Attachment 5

SWPF Personnel's Preliminary Analysis of Temperature Rise in Process Vessels

SWPF personnel conducted a preliminary analysis in an attempt to demonstrate that the
temperature rise of the contents of the process vessels following a loss of cooling would be less
than previously calculated . The staff's review of this preliminary analysis revealed several
questionable assumptions that yield nonconservative results :

•

	

The analysis assumes that the liquid in the tanks has no temperature profile, based on
the reasoning that convective mixing of the fluid in the tanks will keep temperatures
essentially uniform. Convective mixing to this degree is predicated on the process
fluids exhibiting Newtonian behavior; this assumption is not valid for fluids with
solids of the types and concentrations expected in the process vessels in question, as
discussed elsewhere in this report . Non-Newtonian behavior of the process fluids
would result in higher tank temperatures and headspace vapor pressures than those
calculated by SWPF personnel .

•

	

SWPF personnel's calculations show that the dominant heat transfer mechanism
from the liquid in the vessels to the surrounding process cell is by conduction
through the vessel support skirt into the concrete basemat . SWPF personnel model
the vessel and all of its steel structural supports as being at a uniform temperature .
The concrete basemat surface in contact with the vessel support is modeled as having
the same temperature as the process vessel before a loss of cooling occurs . The
basemat's lower surface that is in contact with the earth is modeled to be fixed at
65° F. This lower surface of the basemat is also modeled as having no heat transfer
across it. This model raises three concerns :

The calculation of heat transfer by conduction from the skirt to the concrete
basemat uses the value for thermal conductivity of stainless steel ; considering that
the temperature gradient as modeled exists only in the concrete, the value for
thermal conductivity of concrete ought to be used instead . Use of the value for
thermal conductivity of stainless steel results in overprediction of the amount of
heat that would be transferred from the vessel skirt to the concrete by conduction .

The analysis does not provide a basis for assuming that the steel support skirt has
a uniform temperature. Considering that the support skirts are several feet long,
an appreciable temperature gradient along the skirt length could develop .

Modeling the lower surface of the basemat as adiabatic and as being at a constant
temperature results in a temperature profile at the adiabatic boundary. This result
does not reflect physical reality . Considering that the analysis assumes that the
thickness of the basemat is much less than what actually exists in the facility
design, it is unclear whether this modeling approach leads to nonconservative
results .


